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CONVERSION FACTORS AND ABBREVIATIONS

For the convenience of readers who may prefer to use metric (International System) units rather than the
inch-pound units used in this report, values may be converted by using the following factors.

Multiply inch-pound unit By To obtain metric unit
Length
inch (in.) 254 millimeter (mm)
2.54 centimeter (cm)
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer (km)
Area
square foot (ft?) 0.0929 square meter (m®)
square mile (mi®) 2.590 square kilometer (km?)
Flow
inch per year (in/yr) 25.4 millimeter per year (mm/yr)
cubic foot per second (ft*/s) 0.0283 cubic meter per second (m%s)
cubic foot per second 0.0109 cubic meter per second
per square mile per square kilometer
[(ft"/s)/mi’] [(m%/s)/km’]
foot per mile (ft/mi) 0.1894 meter per kilometer (m/km)
gallon per minute (gal/min) 0.0631 liter per second (I/s)
million gallons per day (Mgal/d) 0.0438 cubic meters per second (m?/s)
Hydraulic Conductivity
foot per day (ft/d) 0.3048 meter per day (m/d)
Transmissivity

foot squared per day (ft*d) 0.0929 meter squared per day (m%d)

Sea level: In this report "sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)--a
geodetic datum derived from a general adjustment of the first-order level nets of both the United States and
Canada, formerly called "Mean Sea Level of 1929."



Hydrogeology and Simulation of Ground-Water Flow
at Superfund-Site Wells G and H,
Woburn, Massachusetts

By Virginia de Lima and Julio C. Olimpio

ABSTRACT

The area around wells G and H, two former public-
supply wells for the city of Woburn, Massachusetts and
currently designated as a U.S. Environmental Protec-
tion Agency "Superfund” site, was the focus of intensive
hydrogeologic investigations from 1983 to 1988. The
U.S. Geological Survey has provided assistance to the
U.S. Environmental Protection Agency for the site
since 1985. This report includes hydrogeologic infor-
mation and describes a three-dimensional, digital
ground-water-flow model that was designed and
calibrated by the U.S. Geological Survey for use by the
U.S. Environmental Protection Agency to evaluate al-
ternative pumping scenarios in developing an aquifer
cleanup strategy.

Wells G and H and two nearby industrial-supply wells
were constructed in a stratified-drift aquifer ranging
inwidth from 0.5to 1 mileand as much as 90 feet thick.
The transmissivity of the aquifer in the vicinity of wells
G and H ranges from 11,500 to 14,000 feet squared per
day, and the aquifer can sustain well yields of as much
as 700 gallons per minute. Recharge to the aquifer is
from precipitation. Under normal conditions, with
only the industrial-supply wells pumping, ground-
water discharges to the stream in most of the study
area, and the river is a gaining stream throughout the
year. When wells G and H and the industrial-supply
wells are pumped simultaneously, infiltration of sur-
face water significantly decreases streamflow in the
area.

A three-dimensional, digital ground-water-flow model
of the stratified-drift aquifer in the vicinity of wells G
and H was designed and calibrated. The model repre-
sents a 0.8-square-mile area and consists of nearly
5,000 active nodes in three model layers. Model grid-
spacing ranges from 20 x 20 feet to 200 x 200 feet. The
model was calibrated to steady-state and transient
conditions for December 1985 and January 1986.
Throughout all model layers in the center of the model
area, simulated hydraulic heads matched observed
and estimated hydraulic heads to within 1 foot.
Throughout the remainder of the model area,
hydraulic heads matched within 5 feet except in some
corners and sides of the active model area near till-
bedrock boundaries. Under steady-state conditions,
the simulated gain in streamflow in the model area
was 0.27 cubic feet per second, which is within the
range of observed gains in streamflow (0.10 to 0.62
cubic feet per second) measured during 1985 low-flow
conditions. Under transient conditions, simulated
streamflow losses in the Aberjona River were 1.25
cubic feet per second compared to a measured loss of
1.26 cubic feet per second at the end of a 30-day aquifer
test during which withdrawals averaged 3.05 cubic
feet per second.

Sensitivity tests of the calibrated model were con-
ducted to determine if the differences between simu-
lated and observed [estimated data values could be
attributed to the range of uncertainty in the values of
input data and boundary conditions. Test results in-
dicate that the model is least sensitive to variations in



model boundary conditions, river stage, and recharge,
and most sensitive to variations in storage coefficients,
and order-of-magnitude changes in transmissivity
and streambed conductance.

INTRODUCTION

In May 1979, 1,1,1-trichloroethane, 1,2-trans-
dichlorethylene, tetrachloroethylene, chloroform,
trichlorotrifluoroethane, and trichloroethene were
detected at concentrations ranging from 1 to 400 parts
per billion by the Massachusetts Department of En-
vironmental Quality Engineering (MDEQE) in the
Woburn, Massachusetts public-supply wells G and H
(fig. 1). The wells were shut down and, in December
1982, the U.S. Environmental Protection Agency
(USEPA) designated the well site, the aquifer, and the
adjacent wetland along the Aberjona River as a "Su-
perfund” site. As aresult of investigations by USEPA
and MDEQE, three orders (under Section 3013 of the
Resource Conservation and Recovery Act) wereissued
to operators of a plastics firm in the northeastern part
of the area, to an industrial dry-cleaner in the north-
ern section of the area, and to the owners of a tannery
and surrounding lands near the river in the south-
western part of the area. The orders required submis-
sion of plans for ground-water-quality monitoring
pertaining to possible contamination either on or
emanating from their properties. This area of
Woburn, which also contains other industries includ-
ing metal cleaning and automobile salvage yards, has
been known since 1880 as the "chemical district of
Woburn".

Between 1985 and 1988, the U.S. Geological Survey
has provided technical assistance to USEPA, includ-
ing measurements of streamflow, surface-geophysical
surveys, design and supervision of a 30-day aquifer
test, and analysis of aquifer-test data, at the wells G
and H site.

Purpose and Scope

This report describes the hydrogeology and the
simulation of ground-water flow in the stratified-drift
aquifer at Superfund-site wells G and H, Woburn,
Massachusetts. This is the second of two reports
describing the results of hydrogeologic investigations
that were conducted in 1985-86 and authorized under
an Interagency Agreement between the Survey and

the USEPA. The first report, "Area of Influence and
Zone of Contribution to Superfund-Site Wells G and
H, Woburn, Massachusetts”, by Charles F. Myette,
Julio C. Olimpio, and David G. Johnson, (1987)
describes the hydrogeology of the site and the results
of a 30-day aquifer test used to determine aquifer
properties, the area of influence, and the zone of
contribution to wells G and H. The results of the
hydrogeologic study were used to design and calibrate
a three-dimensional ground-water-flow model of the
stratified drift of the Aberjona River valley in the
vicinity of the wells. In addition to describing the
ground-water-flow model, this report updates and
revises hydrogeologic information presented by
Myette and others (1987).

The study area is located in east-central Mas-
sachusetts in the City of Woburn, an industrialized
suburb 10 miles north of Boston. The study area
covers approximately 1.5 miZ (square miles) and con-
sists of the stratified-drift aquifer underlying the
lowlands of the Aberjona River, where wells G and H
are located, and the surrounding till and bedrock
uplands. The three-dimensional, digital ground-
water-flow model simulates the stratified-drift
aquifer, which is traversed by the Aberjona River (fig.
1). The calibrated model was designed as a tool for
predicting the steady-state and transient effects of
pumpage in the vicinity of wells G and H.
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HYDROGEOLOGY

Generalized Framework

The general hydrogeologic features of the study area
are typical of glaciated New England river valleys: a
small river meanders through a wetland in a gentle
valley that overlies a bedrock channel filled with sand
and gravel. Large-capacity wells constructed in the
sand and gravel pump water for public supply. In the















































































































of the model area, simulated hydraulic heads matched
observed/estimated hydraulic heads within 1 foot in
all model layers. Hydraulic heads matched within 5
feet throughout the remainder of the model area ex-
cept in some corners and sides of the active model area
near till-bedrock boundanes The simulated gain in
streamflow of 0.27 ft*/s is w1th1n the range of observed
streamflow gain (0.10-0.62 ft3 /s) measured during
1985 low-flow conditions.

Model calibration was extended to transient condi-
tions by using the aquifer-test data. The specific yield
of the upper model layer was set to 0.30 for most areas
and 0.45 in the area of peat. The storage coefficients
of the middle and lower layers was set at 0.0005.
Pumping and recharge conditions were set to those of
the aquifer test, when the tannery wells and wells G
and H were pumping. Twenty pumping periods were
used to calculate hydraulic heads and to simulate
recharge events and well failures. Hydraulic heads at
the end of the simulated aquifer test matched those in
87 observation wells within 1 foot in all model layers
within the center of the valley. Asin the steady-state
simulation, a match between observed/estimated
hydraulic heads and simulated hydraulic heads of 5
feet or more was obtained in a few corners and sides
of the active model area near till-bedrock boundaries.
Simulated streamflow losses in the Aberjona River
Were 1.25 £t%/s compared to a measured loss of 1.26
ft%/s at the end of the aquifer test.

A sensitivity analysis of the calibrated model was
conducted to determine if the differences between
simulated values and observed data could be ac-
counted for by the range of uncertainty in the values
of input data and boundary conditions. Input condi-
tions, including streambed parameters, recharge,
storage coefficients, aquifer hydraulic conductivity
and transmissivity, and vertical conductance between
layers were increased and decreased by constant
amounts within their respective known range. Test
results of hydraulic-head data and ground-water dis-
charge rates show that the model is least sensitive to
variations in boundary conditions and the values of
river stage and recharge, and most sensitive to varia-
tions in storage coefficients, and order-of-magnitude

39

changes in transmissivity and streambed conduc-
tance.

Aquifer hydraulic parameters are known with the
most confidence and boundary conditions in the lower
aquifer layers are known with the least confidence.
The uncertainty in recharge-rate values is relatively
large because of the lack of quantitative data. Despite
the uncertainty in the recharge data, the model calcu-
lates hydraulic-head values that are reasonable and
ground-water discharge rates that fall within the
range of measured low-flows under a wide range of
recharge values.
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APPENDIX A - Input data to the Wobum steady-state ground-water-flow-model

Data are in the specific format outlined in McDonald and Harbaugh (1988).
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